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Belaya Сегіаэѵ^ 19^7* !• Kb гаѣ. The pea and the pea weevil» 

“Afflong the plants f&ich for есоіютіс reasons it 
vflould he desirable to introduce in crop rotation in the 
southern and southwestern parts of the country and even 

in the **Ыаск earth" belt, a high place must be assigned 
to the pea. 

Unfortunately the literature on the cultivation of 
this valuable plant is very scanty and furthenaore is 
of a highly theoretical nature. 

P. R. Slegkin "Husbandry", І9ІЗ* 



Introduction 



!Phe cultivation of the legtnaes has been of special import- 
ance to present day agriculture ever since it became known that 
these plants, in addition to their own valuable products are 
distlnguiehed for their nitrogen-gathering properties. It is 
now generally understood that the legumes, and especially peas 
act to enrich the soil, and as a result these plants deserve * 
first place among plants to be chosen for field cultivation. 

But in actual fact the reverse is the case, and we are 
finding a lamentable decrease In the cultivation of some of the 
legumes, always as a setpial to a period of increase. 

Among the grain legiames the pea is of spocial iraportanoe, 
but its ottltivation has been subject to the harmful action of 
a small beetle, B^hus plaorua^ L, the so-called pea weevil, 
which hat eon^letsly over-run It. 

The pea weevil, that most dangerous and persistent foe 
of the pea, makes the cultl'Witlon of this crop of little profit; 
for after atteg^ts have been made to plant large areas td peas 
the weevil multiplies so rapidly that the farmers are at length 
obliged to give all idea of extending this crop in that 
locality. 

Perhaps no other one of man*s cultivated field crop Is 
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«о coiBpletely at the mercy of iti peet ae is the pea at the 
mercy of Brachue ріеогою L# 

Шіоіе provinces which hare been raising peas on a large 
scale have been obliged to restrict their plantings as a resalt 
of the obvious unprofitableness of further cultivation* 

(F. E* Sleakln, General survey of the cultivation of leguminous 
plants, Tearbook of Department of Agriculture, 1914}# 

As the product becomes less desirable from the consumers* 
standpoint, the demand for peas that have been infested by this 
beetle drops rapidly; and the planter is forced to replace his 
pea plantings by some crop more acceptable to the consumer and 
the dealer* 

The pea weevil, la contrast to most farm pests, is not 
subject to sharp fluctuation in numbers • She tide that over- 
whelms the farmers is more or less constant over a aeries of 
years, and even shows some tendency to increase, depending on 
the intenslveness with which the pea is being cultivated in the 
locality in qu^s^ioa, since under present conditions of field 
cultivation an expansion of pea plantings brings with it an 
increase In the шшЪега of the weevil* 

The pea plant is one which enriches the soil with nitrogen 
and makes an excellent forerunner for sugar beets and winter 
wheat, and it is therefore very useful for rotation of crops in 
beet culture; here it plays a фіІІе different part from its role 
in the regions where it is most widely distributed* 

The agricultural importance of the pea weevil extends north 
to about 52e Ші, the boundary of Kura, Yoronesh and Saratov 
provinces* ®htts the whole territory of Шсгаіпе, except for a 
few places, is so over-run by the pea weevil that here the pest 
sets the iLalte, at Its own pleasure, for the more or less 
successful development of the field cultivation of the pea* 

Si^n in the provlncee of Вуахш, Tula and Fensen they have 
ceased to plant peas because the crops have suffered so severely 
(ibid)* 

Few of the known pests of farm pl«mts have proved to be so 
susceptible to transportation over long dlstauaBes as have in* 
sects of the weevil family, the Brttchldae * Living the greater 



part of their lirei tailde the they easily surrire any 

joarneyi your eeeril is a true eoimopelltaa* It caa easily 
be fowid even ia the jfielde aromd beniagrad, and ІешеіІшее 
still fa#ther north* Bren there it sometimes attaeJoi peas^ 
but to a тегу limited ertent and not arery year* 

The pea weeril fomd in the north come* there with the 
seed* Every year large numbers of the weevil reach northern 
markets from the south* Making its eseape in the springy the 
weevil sometimes finds its host plant even there ia nearby 
fields, but it does not flourish in the climate of the north* 

It is certain that if the supoly was m% renewed every year 
the weevil тхйд. soon be a wholly extinct species of insect 
in those latitudes* 

The damage done by the pea weevil is not limited to loss 
of weight in the infested grain, and decline in viability and 
ia coasaercial value. There is the added difficulty that when 
the infested pea is used as food it is dangerous to health* 

The injurious properties of such peas are caused not only by 
the presence of the pest itself, but in even grofster degree 
by the preaetioe in the partly eaten seed of the excrements of 
the larva, ^ich has been developing In it. Porchlnski qmtOM 
several authors (Ourtia) who testify that when peas infested by 
the weevil are used as human food the health of those who eat 
is impaired. The injury is caused by the fact that in the 
larval excrements which are there, and also in the body of the 
insect, is a caathartdlnoue substanee which causes severe ixw 
flamatloa of the intestines, kidney and urinary tract. 

The damage done to agriculture by this pest is fi|ured at 
a yearly total running into several millions of rubles in direct 
lots. This figure does not take Into account the losses sue* 
tained in replacing this very valuable crop with a plant of 
lower value* 

In eountriee where the grain legumes are cultivated on a 
large scale, for example, the IJalted States and Canada, the 
damage done by the pea weevil reaches a yearly total of several 
million dollars in direct losses* 

In a single one of the southern provinces of Canada the 
losses to agriculture caused by the pea weevil are reconed at 
a million dollars* 






The market mlue of the prodoot le everywhere affected 
by the presence of the beetle in the seed, and market price» 
depend dpon the extent of Infeetatioa. If the ordinary price 
of peas has been two rubles a pood, peas infested by the weevil 
will sell at half that (Sleskin)* 



Table X* Viability under natural conditions of peas of 
different sises, infested and not infested by 





• 

9 

J 

Name of variety : Sise of seed 


percent of eeedsi germinating 


s 

• 

• 


not infested by: infested % 
the weevil s the weevil 


s 

Victoria Heine j large 

s 

Volger Heine : medium 

• 

e 

6021 Moscow stations small 


t 

Э 5 i 27 

i ■ 

92 s 13 

i 

B 6 i 2 • 



plants soon died* 



Ѣхпл the actual decrease in viability of the seeds attacked 
by the pea weevil may be regarded as equal to the (?) percent of 
seeds infested» This is more the ease with the fine^seeded peas* 
Of the peas with large seeds about of the variety Victoria 
sprouted and about 10 ^ of Folger* 



General characteristics of the pea weevil* 



The pea weevil, Bruchua ( Larla ) nisorum L*, belongs to the 
family Bruchldae. genus ВггшЬиі (in view of the existing contro- 
versy over Piot*s nomenclature — Lariidae , bar la — I am here 
following KeiterU nomenc lature— Bruchidae ^ Bruchus )* All the member 
of this family are herbivorous beetles* In most cases their 
larvae live in the seeds of various leguminous plants. Oenus 
Bruchus includes several hundred species (more than BOO). All 
the Bruchidae except a few tropical species of weevil grow in the 
•eeds of a single family of plants, the LegmainoiaA^ and are 
distributed all over the world. Of the species which have an 
economic significance a great many infest the grain legumes. 

This is probably connected with the fact that these plants have 
comparatively large seeds which provide a good place for the 
development of the larva and of the insect itself. The pea 
weevil is confined to the seeds of the pea* In most cases, more- 



over. 



it is satisfied with a single seed for Its development* 



----- 
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Рис. 1. Гороховая зерновка 
Bruchus 2 >isonini L. Ориг. рис. 
С. А. С.мирнова. 



Figure 1. Pea Weevil Bruchus 
pi serum . L. Original drawing 
by Smirnov 
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It does not attack the seeds of other leguaea. The weevils 
found in seeds of the Ъ»ап (Д. rufimanus ВоЬшап). the lentil 
( 1 * butis ]ВоЬешаа), the kidney heaniB* obtectus Say) the HYf 
(Clcerarietiiaun) (3. ousdrlytcnlatus fahrlcius, |i* chtnensli Lin* 
Snermonhagns sectoral ia Say)^ and other cultltated legmaes, also 
those in some of the wild legames, belong to other species and 
have nothing In comnaon with the pea weevil* The pea weevil* a 
generation is оіш year* 

The history of these pests, according to Mochulski (Pea 
weevils^ Brains Llnne^ which attack legomes.* Proc* Lib* Scon* 

Soc# lS5b7TT^d ЗКерреп (Injurious insects^ ?ol. II, ISS 3 ). is 
as follows: The pea weevil is a natlvs of Borth America. *t 

was first discovered in Pennsylvania. In IJ3S the weevil was 
found farther north, around Hew fork* ®ie Swedish traveler 
Kalm seems to have been the first to take It to Surope, in 175 ^* 
Here it found conditions favorable to its diffusion. ^ ISIO 
peas in England were so badly inf ss ted that they could not be 
used for army and navy st^plles. The pea weevil is mentioned in 
Prauace as early as I 7 SO. 

In lussia, according to these authors, the wsevll first 
appsarsd in the south. In IS 5 I and 1?5^ it did much damage to 
peas in two districts, BaMraut and Alexandria, in Skaterinoslav 
province. After that the weevil appeared in Khersonese in such 
numbers that in el^t bushels of peas there ше not even a peck 
of sound seeds. In 1SJ2, according to Sempolovskl (Agricultu- 
ral Oasette, IS92, 27, St* PetersburiJi it caused a great deal of 
commotion in Warsaw, where it was regarded as extremely poisonous. 

Short description of the insect. 

Widely oval beetle, flattened, black with dense rusty gray 
down. Whitish spots on each wing-cover, forming stripes, flng- 
covers shortened so that they do not cover last two abdominal 
segments. Last terglte (plgldi^) with two larga oval black spots* 
These spots here form a characteristic cross-shaped white spot* 
Prone ttmi with large lateral emargination* Antennae strai^t, 
eleveiwsegnented, sli^tly thickened at apex. Plrst three seg- 
ments of antennae and of tibiae and tarsi of front legs, and 
often half of tibiae and tarsi of middle legs reddish. Hind 
femora with one tooth on inner aide. Adult measures four or 
five millimeters* 

Larva In first stage (before moulting) Is reddish, and has 
legs with three segsients. These legs disappear with the first 
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8K}Ultlx}g« Anterior portion of back of larvm has two peculiar 
chitinoue appendages which are clearly seen from the side. 

Iheee too disappear after the first moulting* Body is covered 
with sparse but long bristles. 

JTull-grown larva is five or six millimeters long, create- 
colored, sometimes with yellowish tint* Small head is the same 
color, deeply withdrawn into much thickened thoracic division* 

Ja»s brown, Hipple«ebaped warts in place of legs, full-grown 
large is bare, with only a short down on under side of thorax. 

Metamorphosis of the weevil. 

iSggs are laid by the female weevil on unripe fruits of 
legaminous plants, and in the course of six to ten days the 
larva with legs comes out* The freshly emerged larva bores 
into the tissue of the pod, enters its cavity, and there eats 
its way into the seeds, which are still soft* After several 
days it moults and then becomes cpilte unrecognisable. As a 
result of the moulting the weevil larva takes the fora of a worm 
without legs and with a small head, and its li^t orange becomes 
a cream color. A few weeks after this stage the larva is trans- 
formed into a free pupa, and then into a winged beetle. Depend- 
ing on temperature conditions, the adult insect may come out 
of its cavern promptly and leave the seed, or may remain there 
for a more or less prolonged period. Thus the individual weevil 
undergoes not three stages of development, larva, pupa and adult, 
but four, as follows* 1) larva of the first type, 2) larva of 
the second t|tpe, 3) pupa and 4) adult. Thus we have here a special 
kind of metamori^hosis, the so-called hypermetamorphosis* The 
weevil larva undergoes two stages of development, in that the new- 
born larva has throe pairs of legs, also a special tooth-like 
chitinoue appendage on the anterior part of the back, while the 
larva of the second stage has no legs; they are replaced by 
nipple-shaped appenddges which look somevhat like undeveloped legs* 
Furthermore, this second stage of the larva is usually hairless, 
while the larva of the first stage is covered with sparse long 
hairs. The hypermetamorphosis of the weevil is distinguished 
from the hypermetamorphosis of some other insects by the smaller 
number of successive stages of develo;!»aent. There are not two 
pupa ^ases here, as there are in beetles of the ff^eloidae genera, 
but only one, as in the normal type of coB5>lete metamorphosis* 

A variation of this complex metamorphosis is to be seen in a num- 
ber of other families of insects, as for вхяргріе in the bot-flies 
of the family Qestridae * 




Рис. 2 и 3. Личинка первой фазы и взрослая 
личинка гороховой зерновки. 

Оригин. рис. автора. 



Figures 2 and 3. Larva of the First Phase 
and full Grown Larva of the Pea 
Weevil. Drawings by author. 




Biology of the pea неетіі 



The time when the pea® begin to bloeaom alwaye determine® 
the time when the weevil appear® on the pea fields; before that, 
a® a rule, the beetle i« usually absent* It eeem® to be attract- 
ed to the fields by the fragrance of the blo®90m®, and flies to 
its host plant from a distance. The earliest arrival® of the 
insect in the pea field® that we have observed were in I923 
l/VI, in 1924 29 /V, in 1925 P/T, in 1926 25/V, and in lg 27 
3O/Y. tJsuaXly the beetle® fly to the peas on the day following 
the blossoming of the earliest varieties. At first the weevil 
eit® on the pea very discreetly, eometimes eating large holes 
in the blossoms* Usually these attacks on the corolla of the 
pea blossom do not do any lasting Injury. While it is eating 
the delicate tisstie of the bloesom® the weevil doe® not touch 
the ovary, stlgna or stamens* Bat later, when we artlfically 
brought about a dense crowding of beetle® in our isolation 
planting®, they did so much harm to the bloesom® and also to all 
the delicate growing part of the plant that they not only pre- 
vented any further blooming but also injured the whole plant* 

When it come® out of the pea seed, where it has been resting 
in the beetle stage for el^t or nine months (September to May) 
the weevil needs s-upplementary food. 

Keeping out of sight during its first time on the field, the 
weevil patiently awaits the appearance of the pods, in order to 
perform its principal task of caring for posterity* Later we 
observe that each day there are more and more weevils on the peas 
In the hot hours of the day the beetles fly briskly around and 
mate. On dull or rainy days, and also in the moimlng and evening 
the beetles remain motionless in the depths of the corolla of 
the pea, where they can always be easily found* 

Laying the eggs 

The egg— laying of the pea weevil has always been of interest 
to us for practical reasons, and hence it was made the object of 
our observations during the course of several generations* 

The pea weevil begins to lay eggs on the реаз In the first 
days of June. In practice this date corresponds with the date 
when the young pods are formed, which In the climate of Be lay a- 
Cerkov As usually not before the end of the first ten days of 
June. From this time on the number of eggs laid each day on the 
youiig pea pods increases gradually, reaching its т&хімш in the 
second or third ten days of June, which Is properly )fche time of 
heaviest infestation by the pea weevil* 



Thi« period of laoet inteneiw egg-laying laets only about 
ten daye^ usually from June I 5 -I 8 to June 25-28^ and wi thing cer- 
tain narrow limits it may тагу with weather conditions. 

The earliest baying of weewil eggs on the newly formed pea 
pods that we observed in nattire occurred on May 29 . That the pea 
weevil Cannot lay eggs earlier than this is indicated by results 
of a special experiment which we performed; in a hot-bed we artl- 
flcally forced a pea (iSarly Jaun) so that it blossomed at the end 
of April and began to fruit early in May# 

Eesults of this experiment indicate that in our climate the 
pea weevil cannot lay eggs earlier than the month of June. 

2he egg-laying period of the Individual is not long, and can be 
wholly included within a period of fifteen days. In Nature the 
®€6**l*yl®8 period is composed of the periods of huge numbers of 
the insects, and hence the length of the period in which the pea 
weevil is able to lay eggs Is often given as greater than observa- 
tion of individuals corroborates. 

In nature %lm weevil *• last eggs usually come in July, and by 
that time there are only a few. 

The prolonging of the period of eg:-laylng depends on the one 
hand upon meteorological conditions, and on the other upon the 
prolonging of the period during which the weevils fly to the pea 
fields. 

An overwhelming nuaber of weevils normally comes la connection 
with an open early spring, for the weevil falls to the ground 

with the seeds. Уог most of the weevils the rhytba of life comes 
to an end at the moment when the weevil’s chief duty to posterity 
has been performed. Usually by the beginning of July this duty 
to posterity has been fulfilled, its Ufe is cut shorty and in 
natAre it soon disappears. 

Meanwhile it is often possible to find the insects on the 
fields even beyond the limits of th stated time, but In very 
small numbers# They may even lay eggs there, to mystify the 
observer not prepared to find beetles at so late a date. 

But at the end of June and even in July, if you wlH Investi- 
gate last year’s peas left in the warehouse and the condition of 
the weevils inside, you will find that there are still a great 
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шазау «Ьо яге <riite alive, end шту active if thev finally suc- 
ceed in escaping from their cradles» As I shall show later 
beetles talcen from there for study proved to b® able to lay 
eggs In July almost as successfully as the beetles that had 
flown in# Althou^ they form only a small proportion of the 
beetles that were here earlier, nevertheless this reserve 
8іфр1у is quite suf ficient to leave Its mark when it falls on 
the field. 

furthermore, those casual specimens of weevil are the funda- 
mental source of the disagreement In the estimate of the liabil- 
ity to infestation of the late-ripening varieties of peas» In 
cases where the testing of varieties is done om small plots, 
it serves as a decoy for such of the weevi's as are still 
wandering around* Consequently these varieties are sometimes 
much infested. 

fable 2» Sgg-laying of the pea weevil In field isolation 
nlantings #iich were set out late. 
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fbe female pea weevil leys her eggs on the surface of young 
green pea pods. She shows a preference for pods of middle else 
which have completed their growth In length and width. Apparent- 
ly this saves the eggs from being displaced in the course of the 
growth of the pod tissue. 
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fable Jm Sgg-laylng of Bruchas t>iel by individnal pairs 

In field Isolation plantings 
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Іе made obsersatlons on the number of eggs laid by the 
«eevil directly on the fields under natural oonditions^ isolat- 
ing the plants by the use of muslin wrappings. Basalts of 
these obserrations are glren in the following table. 
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Theee obserTO.tlons, which were made with all possible cere, 
show th*it the reproductive powers of the pea weevil are far from 
small* One female m«gr lay 222 e^s in the course of her life. 
According to these figures the weevil lays an average of about 
126 eggs» 

Under normal conditions^ І.е», when the weevil has aaa tan*. 
limited number of plants B.t Its disposal, the number of e^s 
laid on a single pea pod is usually about three. 

Ihe eggs are amber yellow in color, elongata-elliptical in 
chape, and measure about 0*6 mm. j the sticks tbm to the 

surface of the pea with a gluey fluid secreted for this purpose* 
^lien it dries, forms chars ctsrlc tic spots and streaks* 



fable 5* Sgg- laying of the pea weevil in captivity, fhe pairs 
of beetles were kept in glass jars in the laboratory 
window. 
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jfigure 4* iilggs Laid by the Pea Weem.1 
On Pea Pods 




The female first goes о ter the place it has selected with 
movements of the end of the abdomen, or rather oft the oTipositor, 
and this rubbing of the part chosen by the insect is accoB^anled 
by secretion of a certain amornit of іІШщ In this spot of glue 
the weeril lays its eggs, and then withdraws to a distance of 
only a few millineters to repeat the operation* %ese amber yellow 
eggs, rather large in pro|K»rtlon to the site of the insect, are 
easily seen against the green surface of the young pods. They can 
always be easily noted on the peas in the month of June. 

The namber of e|gs on a single pod is not fired. In most 
oases there are several times as many as the number of larrae 
that can lire on the еифріу of food in the pods. Often, especially 
on small plots, we found pods on which we counted 35 but 

17 was the average number of eggs in the period of most intensive 
laying. Such wastefulness on the part of the weevil is in direct 
contradiction to the maternal Instinct; an overwhelming majority 
of the larvae that come out of these eggs are doomed to destruct- 
ion in the struggle for eristence# 

Larvae of this insect do not allow even two to live 4t the 
same time on one pea. Most of them die In the early stages of their 
development; those that prove to be superfluous die very mysteri- 
ously in the presence of an abundance of food and under conditions 
which would seem to be entirely favoirable to their welfare. 

АХЬЪоиф. the pea furnishes a rich storehouse, It is evidently not 
enough for two inhabitants. Only one of the weevil larvae that 
have entered the pea continues to grow and develop normally. The 
others, probably guided by some special instinct, cease to exist, 
and die in infancy in their tiny cradles. 

The larvae die long before the time when they might decide 
their rl^t to existence by an open struggle although such a 
ha^^enlng is not unknown among the pea weevils. Often in break- 
ing open a pea in which two larvae have been developing side by 
side one can see a chamber which is at first glance №pty, hut 
closer examination shows to contain the withered body of the 
second larva, the unsuccessful eombatant in the struggle for 
llfe*s comforts. %en they come Into direct contact the larvae 
decide their fate by the use of their Jaws, and often both perish 
in the struggle. More fre^ently, however, the victor In this 
combat lives the rest of his life happily with no further inter- 
ference. Oases of two weevils living la ome pea are extremely 
rare. Thus before the imago stage only one specimen of weevil 
at a time can live in each infested ped* 
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Bggi of* Ш® pea waeTil are of tea Іошй ewa oa very yoaag 
frulte of the pea, as early as the second day a^or the faUing 
off of the corolla, la view of the fact that these do not fur- 
nish suitable food for the weevil, we might be doubtful of the 
further welfare of the larva, eseept that observations on the 
growth of the pea pods have csonvlnced us that there is no danger 
to the larva from this direction* Pally measurements of the 
length and width of pods which we msde throughout their period of 
growth Indicated that pea pods complete their growth In length 
and width within seven days of the time when the corolla falls off* 
The embryonic development of the larva usually talces place during 
this period, and It emerges on the sixth or seventh day, thus at ths 
moment of Its emerging it ie fully assured of the proper food 
and of all the conditions needed for its further existence* 

The time required for the development of the larva la the egg 
varies from six to ten days. Before It breaks throu^ the shell 
the brown head of the larva can be teen. Soon after this the 
larva comes out of the egg and eats through the outer envelope 
Into the adft juicy part of the pea. fe were never able to 
observe the piercing of Ше envelope of the pod by the newly 
emerged larva before it entered the cavity of the podj The larva 
takes a algsag course in the tissue of the envelope of the pod 
only in those cases la shlch this process Is observed In the 
laboratory, and when the ^een wrappings of the pea have faded 
a little. Then Indeed its bright and winding course, visible from 
the outside, somethaee extends five millimeters* tender field 
conditions the larva in most cases took a vertlcle direction at 
once, and not only bored quickly through the fleshy green envelope 
of the pod but coped successfully with the hard tough parchment 
layer. The opening made by the larva can first be seen inside the 
pod as a bright diffused spot of glistening tissue. tJnder a 
magnifying glass the very small opening made by the larva can easily 
be seen. Thus the place idiere the weevil larva enters the cavity 
of the pod is determined in most cases by the place йівге the egg 
was deposited on the surface* 

In order to d«®onstrate the length of tisw> spent by the 
weevil in each of its stages during its devebjaaent in the pea, 
we set aside In tthe field the re<|ulred number of pods not yet 
infested; the next day all these pods were examined again and 
those of them which already showed weevil eggs on their coverings 
were isolated. After the larva# had come out of the eggs, we 
tors apart one pod each day and determined how far the insect *s 
develoiaaent had advanced. 
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Behavior of weevil under natural conditions* 

One of the intereeting chapters in the study of the biology 
of the pea weevil deals with its ability to accomplish quite long 
flights in case of need. In the spring the beetles usually fly 
away from their winter dwelling and scatter widely* fhis may per- 
haps езфіаіп why peas do not escape infestation even when there seem 
no other way for the pest to have reached a given field, and ійіеп 
there are no pea fields nearby* ?ery often, in spite of the fact 
that planting was dome with peas not attacked by the pest, by 
the time the peas blossom there are so many beetles that one cannot 
help thinking of the possibility of their traveling to very dis- 
tant sections of the field* 

We consider this matter of the insect* s ability to make long 
flights one of the interesting questions in Ite biology* We wished 
to solve the riddle presented by the infestation of peas by the 
weevil in oases v&ere planting had been done with seed not attacb- 
ed by the pest, and at the same time there were no other plantings 
within a distance of several versts* In other words, when all 
precautions for preventing Infestation had been carefully carried 
out* 

In our latitudes the beetle probably finds it difficult to 
survive the winter in the open* It does not always leave its 
cradle In the fall* The metamorphosis of the pupa Into the adult 
beetle Inside the seed takee place no earlier than the middle of 
August* Moreover, the beetles do not usually fly well in the fall, 
and in general do not show the mobility displayed by individuals 
which come out of the pea in thepspring* It sometimes happens 
that In the fall, under the influence of warmth, nombers of the 
beetles come out of the peas stored in warehouses, make their 
way toward the ll^t, and congregate on the granary windows. 

Mazsy then leave the storehouse and make for the open* But in so 
doing they suffer great and continuous loss of energy, and as a 
result they soon die, covering the window sills with their corpses* 
Those that survive until spring are the ones that retire into 
cracks and there wait qultely, conserving their strength for a 
season better fitted for active life, 1. e. for spring* 

In heated buildings the beetles die of ejEhaustlon within two 
weeks after they have come out of the peas* 

In the period of its active life, this ineedt le generally 
very difficult to find. Sven In spring, before the peas blossom. 



when the heetlee are relstiToly latich more ntcnerout in nature^ 
they are eeldniB to be seen when special tripe are made. And it І» 
етеп more difficult to find them in the open in the fall . Newer- 
theleee, it seams Impossible to deny that the weevil may lire over 
the winter under natural conditions* 

The open conditions of nature л;1ѵе very little posiihlity for 
surviving the hasards of winter end its accompanying season*. We 
have never succeeded in finding any weevil* living over the winter 
in the open in any oraoks on tree bark or any of the other places 
mentioned on the literature, ipparently the climatic condition* 

"'of our latitude do not permit the beetle# to find any shelter in 
the open^ but in the absence of more positive proof we shall leave 
this qiiestloa unanswered until next spring. 

The main at^ply of these pest* is unconeclously but very care- 
fully preserved by the farmers themselve* in their storehouses* 

Then la the spring, when it Is time for the insects to wake up and 
set forth, the farmers again give them every dpportunity. With 
the coming of the warm days of eprlngj great number* of weevil* 
leave the granaries, unnoticed, and fly away in all directions. 
Another army of pea weevil* the farmer’s own hand carefully plants 
In the field, together with the pea seede. Then the weevil, placed 
in the ground at the depth at which the seed Is planted, come* 
easily to the surface with the beginning of the warm da^; but 
neither the first group nor the second Is attracted at this season 
to the first green of the pea fields. 

Of the weevil* placed In the ground with the seed at sowing 
time, almost all come to the surface. The only one* to die are the 
individuals whldb. have somehow been weakened; these as a rule stay 
In the seed instead of flying out. The number of weevil* that 
succeed in getting throu^^h the thickness of the la;^r of earth 
cowering is indicated in figures obtained by an experiment which 
we arranged for this special purpose* 



i' 



Рис. б. Различная величина зерен гороха поврежденного 
Briichm 2iisi L. 






Figure 6. Varying Sizes of Pea Seeds 
Attacked by Bruchus pisorum L. 




ІаЪІа 7 . Beixati Qf experiment ож tbe pea ігавтіі ‘ s ablXit;jr to ссшв to Ше 
the soil when the saeda ara placed at шгуіая deothe» 
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rate at which the beetle* come out of the pea eeede 
in the flprlai; variety of ooree^ with the condition» under which 
the grain 1» kept. A compairatire table of thie biological 
feature of the weevil hae been compiled from the figure» fhich 
our obeervatione gave ue, and is reproduced below. !Ihe obeerva- 
tion» of the fli^t of the weevil from the pea seed were made 
at three place» at once ...» in room» on the first floor of a 
atone warehouse, in the garret of a warehouse roofed with iron, 
which was therefore very hot when the eun was shining, and 
lastly in the inaectary. 
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Thii table ehowe that it takes ipiite a ійіііе for the iweviU 
to crawl out of the pea soeda. In the open air and In the «tone 
warehouse the beetles were «till flying in July. The greatest 
prolongation of this period of crawling out was la the stone ware- 
house. fhe death within the pea seed of a l 8 o*ge proportion of 
the weevils was observed to depend upon the conditions under which 
they were kept. In the attic under the iron roof, where there 
were great flue tat ions of tefflperature and the atiapsphere was de- 
ficient In ffloistute, up to 50^ of the beetles died in the seeds. 

In the early part of the peaU developoent and even up to the 
moment when it blossoms, there are no beetles on the pea fields* 

At this time the insects are widely scattered ower the surrounding 
territory, and are to be found on the pea fields only rarely. 

Where the weevil wanders at this time, idiat plants provide It with 
shelter and food, we do not definitely know* 

It has been said that la the early ^riag, before the peas 
blossom, the weevil lives in the bXoseoms of the willow, but ІМ dur 
country the willow blossom so early that with our weather condi- 
tions the weevil cannot be there* Ш must assume that the beetles 
do not confine themselves to any two or three species of plants^ 
but visit at random a great number of plants blooming at this 
season* 

At the end of May the early varieties of peas begin to blossom, 
and from that time on the pests begin to come in from all around to 
the fields planted to peas* At first single individual weevils 
take up their abode In the newly opened corollas of the pea pods, 
there they usually remain mtlonless for a while. If one loolcs 
cautiously into the middle of the pea blossom In the morning or 
evening, when the beetles are generally less given to moving about, 
the weevil can be seen hidden in the depths of the corolla* As 
I have said before, the beetles often eat great holes In the dif- 
ferent parts of the corolla, but they never touch Its more im- 
portant organs, either the stamens or the young ovaries* We hats 
never been able to find that any harm was done by this partial 
eating of the corolla of the pea blossom* 

From the moment wheh the pea pods are fonaed the weovile gather 
in the fields, guided, apparently, by the characteristic scent of 
the blossoming plants* For the present we may assume that some 
fragrance from th® pea blossoms idiich la not perceptible to us 
attracts the pea weevil from th© distant places ійіеге It happens 
to be* We need to give much attention to the special Instinct 



of thle ineeat which it in such 4 озэ сошшшісаѣіоп with 

the plant thnt 1з ita food. It Is instinct, nothing else, this 
highly developed and powerful stimulus idiich guided the weevil 
in its search for tho plant that is to nourish the future larva. 

In 19^6, in order to datamiine the weevil* s ability to raabe 
relatively long flights in ita search for the host x>lant, we 
conducted tho following experiment. 

Beginning in May we released marked weevils every four or 
five days from houses in the villrige of Alexandria, a suburb of 
BelayeuCerkov. In order to mitigate the difficult let involved 
in searching for the particular beetles we had released, among 
the vast numbers of beetle* not marked which would be found in 
every pea field, the ej^eriment was carried out on a large scale. 

In the course of two weeks we released about 56,SOO specimens of 
weevil (1000 beetles of Bruchus uisl wel^t grams). Even 
though we used such 3,arge numhere for the eatperlment, it was dif- 
ficult to locate the beetles, because they were so widely dis- 
persed within a radius of several versts (verst - two thlrdi of 
a mile). 

The insects were given a lasting color easily seen by cover- 
ing them with e bronse powder (gold leaf). The flecks of bronae 
remain long unchanged on the insect's body, and as a result the 
beetles can be easily distinguished amoTjg a mass of uncolored 
insects even after some time. To make the bronse stick better 
and stay on longer, the insect was sprayed with a suspension of 
egg-white tn water applied by a rubber hand atmmlzer, and the 
powder dusted on after this. After It dries this forms an ad* 
hesive layer around the insect's body, nnd under natural conditions 
is not washed off for a long time. 

The first of the pea weevils on the pea blossoms of 19^6 were 
discovered Msy 28, and we began to find the marked beetles ішае- 
dlately after that, but only rarely, We took several of them at a 
distance of three and a half versts from the place where they were 
released. Here It should be added that under the conditions we 
have just described the beetles wore greatly handicapped In their 
movements. In its flight the weevil had to cover a verst and a 
half of thickly built-up outskirts of the town, and after that 
approximately t>ie same distance over woodlands. The forest formed 
a dense wall to hinder the flying beetles in their search in a 
westerly direction. This esperlment demonstrates that the pea 
weevil is able to fly a distance of throe and a half versts. 






Th9 next experiment also lllnetratee thie ability of the pea» 
weevil to melte long fll^te* In that tame ^ear ее went from 
Beligra-OerkDT to 0«tinoirka (a dletaaoe of sixteen wret»|, plmt- 
Ingsmall portion» of disinfected pea seed» on small plot» Inside 
the peasant*» planting»* 1?hese small plot» were spaced at inter» 
▼al» of one werst. Иш» there were in all fonrtee a plot» planted 
with pea», one at each reret of the 4onraey from Belaya-Cerkov to 
Uetinovka* With on» exception, a «eareh of thie locality convino» 
»d us dl the total absence of any pea planting» in the rioinity* 
Heverthele»», when t|ie pod» on these plots were examined for egg» 
we found the weewll almost every^ere* 

In 1927 all the ready supply of p»ae kept at the station, eren 
to ths Individual packages In which they were collected, was 
subjected to a thorough treatment with fume» of carbon dis\3lphide| 
Therefore all the planting of peas at the station was done with 
seed entirely free of the pea weevil» Heverthelees the weevil» 
i^peared everywhere, even in the auMKt distant sections; apparent- 
ly they had flown in from other warehouses in the city of Belaya- 
Csrkov* 

Since it has not yet been proved that the pea weevil can exist 
in nature on any of the wild legominous plants, and since in our 
climate this would evidently be impossible, the only way It could 
rea<^x these; distant fields is by flying there independently. How 
the insect is able to determine the location ofits host plant is 
a question that presents great interest* 

from all this we are entitled to conclude that there are three 
routes by which the pea weevil, BruchuA Plsi I»., may attack peas* 
One route is by being brought onto the field In the seed that is 
planted, which occurs when the weevil that is inside the seed has 
not been killed. A second way by ійіісйі It may appear on the field, 
as our experiment proves, is provided by the beetle* s ability to 
seek out It a host plant independently. In infested region» thie 
play» a bery important part* 

Lastly, those weevils that come out in the fall from seeds 
that have been dropped on the field, and wiater under natural con- 
ditions, complete the list of circumetances under which we find 
the pea» infested* 
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Dates of planting and resistance of pea 
tarieties to infestation by the weeyll| 
in connection with the working out of 
ШІОДІОІ mathodt Hr Itt control. 



We had long noticed that there Is ome conneotlon hetneen 
the liability of the pea to infestation and the ѣіае when it 
comes to fruit* HaturaXly the heaviest attack falls ah the 
pea idiich comes to fruit at the period when the beetle is at 
the peak of its egg-laying activity* Observations on lndivid\aal 
insect • led us to conclude that this period is con^aratlvei^ 
short, and is ipholly included within an interval of fifteen dayS| 
The pea weevil begins to do its dsecage in the first days of J\ine, 
^en it begins to infest the pea* At that time the earliest 
varieties ax*e just coming into bloom* And since the weevil us- 
ually becomes sexually mature at this time, and the fruiting 
season of the pea is prolonged, these early peas are Infested* 

The тахішпш Infestation of peas takes place in the second and 
third I^NPfdi^s of JHine, which corresponds to the period when 
there are the greatest number of mature weevils In nature* After 
this the weevil becomes less active, since its numbers are dwind- 
ling. Oxily the late individuals are left in the open* 

In our study of the biology of the pea weevil we considered 
the earliest dates for eg^laying as well as the causes governing 
the late Infestation of peas. As we know, the weevil needs addi- 
tional food when It leaves its cradle in the pea seed. The adult 
weevil does not eat the pea seed. It seems that the food re- 
quired by the beetle must consist of juicy plant tissues which 
it seeks in the spring. We arranged a special experiment to 
study the length of the period of this supplementary food for 
the maturing of the eggs and the length of the starvation period. 
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In отй»т Іо dolormine tbo roXmllon of the «еѳтіХ to the peae 
that frail earXiaat, pea pXaata него foreed In pots in the hot* 
bod la spriag* %sa tbs warm days cams on ths pXaats were brotan^t 
out into the open air, and at ths same tins some of ths bsstXss 
which wsrs just ooraing out of ths sssds wars gitsa acesso to thm* 

ths foXXowiae table shows how ths wsswiXs rsaotsd to peas 
which blossomed at ths sad of April and began thsir fruiting 
sarly in hasr* 

fabls 10. 
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Thus wo sss that ths rbgrthm of dewslopmsnt of ths psa wsswil 
in spring is mors or less fiJGSd. fhs wsswll is not rsadjr to attack 
psas that fruit in ths mon^ cf hajr, and thsrsfors ws can easily 
admit that if thsrs wsrs a warlsty of psa that frultsd so sarljr 
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it nould in all pгoЪaЫlity be beyond danger of Infeetatlon. 
Uanally our earlleet varieties begin to blossom only in the 
first part of Jane I in very rare instances at the end of May. 

This with the prolonged fruiting period of the pea exposes it 
to infestation. As a matter of fact it eould scarcely be possible 
to create such early-ripening varieties of pea for spring plant.. 
Ing* The only hope remaining la that se may somehow make use of 
winter varieties^ thus beginning in the fall on the time neces- 
sary for germination, so that In spring the plants will begin 
to grow immediately and will come out earlier* Unfortunately 
the absence of winter pea varieties gave us no opportunity to test 
this experiment* 

The use of late vmSietios has been reoommended as one of the 
practical field measures to be talcsn against the weevil. Direct 
experiments on the length of the beetle’s life allowed us to 
hope that peas which come to fruiting in July, for example, would 
be outside the danger period* 

fe took for observation and kept under natural conditions 
individual weevils shioh were of the same age, and they almost 
all died at the same time, after laying the necessary number of 
eggs. But with them were individual beetles which had left the 
pea seed later, and lived correspondingly longer* Unfortunately, 
in order to keep up an uninterrupted supply of wsevlle in the 
fields, we have beetles of different ages there, ^he result Is 
that on the experiment plots even the peas i^loh form their pods 
late, and ought by our reasoning to be free of weevils, are in 
fact Infested. Sometimes these late plots are more heavily iiw 
fested than the earlier ones* This must be ascribed to errors 
in the experiment. In their fruiting period the small plantings 
usually used for this kind of experiment present regular oases 
to sntlos any hungry weevil wandering anyidiere around* ^ the 
same time, the weevils flying about have at this season become 
somewhat lees xfomerous* Hevertheless, it does not seem possible 
to determine the liability of a pea to infestation by the date 
of its planting on these «sail plots* 

7or reasons of economlo expediency a delay in planting tlMi 
peas seems to be in many respects an undesirable oHi^od to use 
In coping with the weevil. 

In view of this the objections to delaying the planting of 
peas seem «juite sound. However, they may be modified in oases 
irtaers peas of late varieties are chosen for the crop* 
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Рвав from the \аррѳг layer# of the firet two planting» 
ehowed an infeetation which amounted to zero* *Йііе mean# 
that there were eo few weevils at large that they did not 
seize upon a single pea from the jS'jG сдХвлЬш tliat were analyzed* 
from the middle of Jhly, however, the peas begin to ripen on the 
fields of the ordinary farm plantation In the midst of which we 
had placed our eзфeriment on dates of planting# !Шів curoua- 
stance causes a sharp jui!4? upward in the liability to infesta- 
tion of the peas of our experiment, beginning with the fourth 
date of plsttiting* Peas of later plantings are attacked with 
increasing intensity in proportion as the insect among those 
flying at large finds an insufficient supply of material in the 
shape of young or still green pea pods* On a large farm plant- 
ing of late fruiting peas there mast necessarily be lees damage» 

As events showed, the plots lilth late plantings met as a 
decoy for the beetles still remaining on the fields, which coxv- 
centrate here and give flee to the misleading deductions idiich 
are often made as to a greater liability to infestation of late 
varieties being tested on шаІІ plots* In actual fact this is 
not so, for it la not difficult to deiaonstrate by direct ohser- 
vations that in the month of July, i* e* at the end of life of 
the beetle stage, there are comparatively few of the weevils* 

We found a noticeable decline In percent of infestation of the 
pea by the weevil before the fourth date of planting* After 
this we see a sharp jump upward, coinciding with the period of 
ripening of the greater part of the pea plantings on the farm» 

Prom this we must conclude that on large areas these data 
must be reversed* 

Late pea# will be least affected when a planting of some 
early variety of peas om a comparatively small area creates a 
kind of decoy for the greater part of the weevils on the field* 
Such reserves as remain after this step has been taken form a 
rather inslgniflcient proportion for infesting the idiole pea 
field* We have been advising that such a decoy be planted In 
the s^pe of a defensive band two or three ploia-drllls in width 
around the pea field* The difference in ripening dates between 
the decoy and the main crop prevent# any danger of mixing the 
two and 80 adulterating the mala variety* Of course these 
field measures are of value only where peas are placed on com- 
paratlvely large areas, as is the ease with our sov3sho»ae* 
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Hardlneii of difforont varlotlee of poo, 



!3?b0r0 te Tio such thiogj of ootiroo^ ».s л poo variety that 
Is absolatoXy resistant to ths eesvil. fhat ws haw to coiw 
sldor hero it the reXatiw resistance of the various kinds of 
pea, fo he sure, the fluctuating figures our observations giw 
on this point are not wry reassuring, for the varieties №umge 
plaoes from year to year* 

At the Bel«4fa-*Cerkov selection station se have been plant- 
ing for sewral yeare a collection of peas which by 19^7 ^*1 
reached a total of two hundred kinds, Hevertheless, in all 
these different varieties, we haw not yet succeeded In finding, 
amona those which are of any importance under farming conditions, 
any really hardy varieties which will suffer little infestation* 

Moreowr, the figures on the liability of the pea to in- 
festation are likely to vary not only from year to year but 
ewn within the limits of a single year, Sstimates made in 
the nursery of the liability of the pea varieties to weevil la- 
festatlon are in most cases fortuitous In character, because 
they are gowmed by different conditions of density of we^le 
in those places and by the else of the eaperlmsut plots. 
fact is that these reslstaaace to the weevil 

of different varltiee of pea are usually conducted on tiny plots, 
and the pecullaraties of the separate varieties that appear 
are likely to be ironed out if the experiment is often repeated* 
H.v,rth,UM, la *plt« ef tb* negatlw future, of иЛ of 

do exist though they can be disco wred only in widely differing 
groups oi pea^ In the table glwn b^low are figures on the 
liability to infestatlen of sewral kinds of 

two groups standing at opposite poles as writies 

lafesution in our nursery, 5his series ^ 

tested for liability to infestation and planted ^ 

nursery of the section on the selection of cereals and legumes. 

The only one to show resistance to ^ 

Afghett P*» whose general native name is Mushu^ * _ ^ 

verities which were least attacked by the weevil in 19 b о 

the lowest rank in 1927* 



15 . Ooa^arattiw UsblUty to iafeatation la tm 
year* of teatiaf of pea* of mrietle* most 
attacked and least attacked# 
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Лв we had at our dlepoeal peas belonging to different 
botanical groups, we attempted to study their liability to 
infOBtatlon according to their c lee s if i cat ion; results are 
given in the table below» 

Table l6. 
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i sAverafi in- : ; 
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In spite of the apparent slapllclty of this greup arrange- 
ment of peas, it ie difficult to come to any definite сопсЬь» 
Slone* Sven вюге hopeless is the problem of groining the lia- 
bility of the peas to infestation by any other external cbarao- 
ters. The sine of the seeds does play some part, but a very 
•mall one* 7or the present it is believed that the email-seeded 
peas are lees subject to attack* It is probably more likely 
that phyelological features of the pea will give a more promle- 
ing basis for Judging of the causes of varying degrees of infes- 
tation* 
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When It has the choice, the pea weevil plainly prefer to 
lay ita vgga on Різші sativum rather then on Різша ar venae . 

It passes by several varieties in the latter group Ihis ia 
especially noticeable at the time when the egga are laid; on 

some plots of peas ( Pisum arvense) the eggs can be found only 
with difficulty, while neighboring plots of the coramon pea 
are litterally covered with the eggs. Moreover, some kinds of 
peas were visited by weevils very rarely. Thus w© cannot doubt 
that the weevil has some method of discriminating between these 
two varieties of pea. 

How the weevil is able to choose between different pea forms 
it is hard to say, but nevertheless the ability Is there, and Cldi 
easily be observed when the insect has a wide choice of food 
plants, ^e found that one of the peas least visited by the 
weevil was a field pea of the botanical grovg> Maculatus, the 
so-called *’>^shung**, introduced from Afghanistan* This pea be- 
longs to the group Pi sum ervsnse^ ^ose members are in general 
less subject to attac5c5tiQn ^Isum aativom. Among other character- 
istics of this pea we should nots the fact that the plant is low 
growing, with small pods and fine seeds. The parenchj^ of the 
pod sometimes puts out little green wart-like projections which 
often cover the green envelope of the pod. These local thicken- 
ings of the tissue sometimes break out after the eggs have been 
lAld, and th\is ceqfEse the eggs to be displaced on the surface 
of the fruit so that in time they roll off» 

from an agricultural standpoint, however, this pea is not of 
interest. Hence we are forced to the unwelcome conclusion that 
man's tattes and the weevil's agree, since the host varieties 
of this crop are the ones most eagerly attaclied. 

The parchment layer of the pea pod, and 
its role in the weevillfis attacks. 



The weevil' s greatest obstacle is^ its attack on the pea is 
the so-called parchaiettt layer of the pod, which consists of a 
series of layers of very firm thick-walled stony cells of 
parenchyma. With this mechanical barrier brou^t to a certain 
de|^e of hardness and thickness, the young larva should be faced 
by Insurmountable obstacles to his penetration into the cavity 
of the pod. That is to say, this layer of cells which lines 
the inner cavity of the pod may be so thick that the larva 
newly emerged from the egg will not be able to cross it* 



Usually» 'ЬЬз larva laanags to cross It and Ineld® 
the pod Ъу eating throng all its wrappings ^ As an argoraeat in 
favor of the poaaihlllty of preventing this, ^ laay cite the 
comparable fact of the mechanical resistance to the caterpillar, 
Нсаееоіея|^ jiebnlella КЪ» of the oil varieties of the so-called 
armored snnf Іоімг ' '(s • U* -Korolkov, *The Sunflover Moth*, Рюс» 

4th All Easslan Intomologlcal & l^topathologloal Congress, 192^0* 

The armored layer in the sides of the s^&flower does not 
yield to the jaws of the caterpillar and so renders the stuv- 
f loser almost invulnerable to the sunf loser moth* This has 
made possible the control of a pest shich had previously ravaged 
the sunflower in regions where it was intensively cultivated and, 
according to a study of similar anatomical features of the pea, 
constitute a very Impoirtant step toi»rd the solution of the 
problem of its resistance to the weevil* 

We have long been interested in the question of the role 
of the so-called parchment layer in the ровзШе meciiaaical re- 
sistance of the pea to infestation by its weevil, and only the 
lack of the equipment required for making acoorate measurements 
of the thickness of the stony cells of the parenchyma has cm^ 
pelled us to attack the problem from another angle. Instead of 
using microscope slides to determine for a series of varietiee 
the thickness of these cells and of the soealled parchment layer 
which they form, we worked out in I 925 a method for measuring the 
degree to which the newly hatched larvae of the ^evil enter the 
cavity, of the pod. for this purpose the pen pods were provisiou- 
ally sorted in five ages and for each plant under observation 
note was made of the number of eggs on the fruit* After this 
the pods were isolated on the plants by means of small parchment 
isolnters and were left to ripen. As soon as they ripened, the 
pods which had been accurately l abeled, were picl»d and aAl the 
seeds in them were subjected to analysis* 

Unfortunately, we found that пе1|И*^ ^ variety had 
exercised any appreciable influence on the liability to Infes- 
tation of the agricultural pea varieties chosen for observation* 
See Table Vf (Table l4, page 
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LIABILITT TO ШЖТШОК OF PISA ^кВІШНіт 
TBS PSA ЩЖШЬ Ш 3TA0SS OF IHS 



ШШТМ Ж 

втштшт 



OF ШЕ PSA POD* 



Ivliaturity of 


Per cent of репе- 


Per cent of 




green pods 


tration of larvae 


beetles 


Remarks 


Naia® of variety in balls 


into pea seeds 


developing 




Rostov* ••*••*«•• 


5 


68*5 


57*5 






4 


86.9 


8£*7 






3 


46*7 


38.9 


Peas 




£ 


63*7 


66.7 




Bismarck* .••••* 


5 


93*1 


60*9 


without 




4 


68*4 


52.7 






3 


57.6 


39*6 


parchment 




£ 


Ѳ9.4 


62*2 






1 


80*0 


100*0 


layer 


Alaska. ..*...* 


6 


73.1 


53.9 






4 


61.5 


43* b 






3 


56*6 


63*8 






£ 


80*0 


44.4 




Polger TO)S*.. 


5 


50,1 


61*7 






4 


77*8 


68*6 






3 


79.9 


68*9 






1 


0.0 


0.0 




Victoria Diozeger 


3 


67*5 


54*8 






4 


63* £ 


46*8 






3 


59*6 


45*0 




, 


£ 


72*5 


75.0 


Peas 




1 


0*0 


0.0 




Victoria Mandorf 


3 


бй*е 


63*6 


with 




4 


££*£ 


71.4 






3 


44*4 


63*1 


parchment 




£ 


80*0 


100*0 




Folger Heine*. • 


5 


63*4 


47.0 


layer 




4 


58*5 


54*3 






3 


44*4 


73*5 






2 


69*7 


52*4 






1 


74*9 


50*0 




Saxon* •*...*••* 


5 


61.Ѳ 


54*8 






4 


56.Ѳ 


39*8 






5 


71*8 


53*4 






£ 


56.7 


44*3 




Viionder о f America 


5 


61*1 


52.4 






4 


66*8 


59.3 






3 


65*4 


56.6 






£ 


100.0 


100.0 





(Table 14, p. St09) 
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w» not oTorlook tho foot that the poda of Шош9 
Tarietloa i^leh aro ooasldered to lack a pajrobnant Xayor (aa 
a mattar of fact» Шоу Ьата a eorraapoadiagly thickenod layay 
of woody aaXXa} ware oaten Into by tba yonng waarlX Xar?aa to 
juat tha aama degraa aa tboaa ibiob ката a wary waXX dawaXopad 
parebmant Xayar, hanaa tha graatar da^ga dona to tha aweat 
Tariatiaa of paaa la dua not to tha abaanoa of parohzaaat Xayar 
but to tha waawiX*8 prafaranea for thoaa paaa* Wa rapaatad 
thla ахрагішші, this tina noting tha nurabar of agga Xald by 
tha waarlX but only on ^a full-grown paa poda. A®cmg a numbar 
of Yarletiaa idiioh warlad wary greatly in thair relatione with 
tha wearil wa oould acarcaly diatlnguiah any dlffaranoa In tha 
dagraa to which tha larraa panatratad tha oawity of tha pod. 

A ralatiwaly amalXar number of larwaa, aa may ba aaan from 
Table 15 below (Table Id, page piaroad tha oowarlnga of 

tha poda of an Afghan pea, whieh goes by tha general name 
"Muahung**. Thla paa, aa wa hawa already mentioned, had In 
other raapaota little attraction for tha weawiX, aa ita poda 
ware rarely Tialtad. If wa confine оигааітаа to tha Tariatiaa 
hare aonaidarad, tha dagraa to which tha waaTll larraa pierce 
tha parcbnant liyar la too groat to allow ua to baaa any 
practical oonclualona on tha role of tha parcbnant layer. 

To be aura tbaaa anparimenta are far from arhauating all tha 
poaalbllitiaa in thla line. Among tha nai^ rariatlaa of paaa 
whieh azlat there may ba aoma In ШіоЬ thla parchment layer 
poaaaaeaa tha nacaaaary thlcknaaa and hardnaaot but wa hare 
not bean able to diaeorar them in tha аоизша of inraatigationa 
which corarad a great number of rariatlaa* 

important factor aaama to ba not ao much tha thicknaas 
of tha paarohnant aa ita hardnaaa, goramad by tha axtnat to 
which tha call walla forming the pallaada parenchyma hare 
become woody. 

so far, our obaarrationa do not enable ua to draw any 
eonalualona aa to tha axiatanoa of a oonnaotlon batwaan tha 
liability of tha paa to infaatation and tha eharaetar of tha 
parchment aa aaan under tha mlcroaeopa. Wa ahaU find mnoh 
to lo^ at along tha path indicated by our obeerratlona at 
tha beginning of our work with tha corarlngs of paa poda. By 
maaauring the dagraa to which tha larra la able to panatrata 
the carity of tho fruit In different ▼ariatiaa of paa, wa ahalX 
ba in a batter pool ti on to Judge what barrlara may ba ralaad 
against tha young larra. 
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RSLA-TIOH О? так ЩЖІХ. то ОТНЕН ОНАШ USGIMINOOS PLAHTS 

It is generally aooepted tbat tne pea weeril le etrongly 
speeiflo to plants of Ріеш sp.; In fact, it la probable that 
no one has succeeded in finding this weetll in the seede of other 
leguminous plants. This by no means excludes the possibility 
that pea weerlls may develop in the seeds of alien plants, as we 
were eonvinced by a small experiment. We put isolaters of 
light paper tissue on Cleer aieietinum. horse bean, ground nut, 
lentil, and hog pea, and IntrofficVi weevils idileh we had caught 
in the open at the memont ehen they were attacking peas. We 
Introduced also weevils which had just come out of seeds In 
the laboratory, fhe weevils confronted with these alien plants 
persistently refused to lay eggs on the green pods with the 
exception of the ground nut, on which 38 eggs were laid. 

!Піеу prefer to establish their numerous eggs on the 
tissue of the inner walls of the i sola ter. 

The weevil larvae which caxse out of the eggs on the green 
coverings of the pods of ground nut wandered around a long 
time on the outside layer. Their long winding iraoks could 
be clearly seen on the pod tissue end made it very evident 
that the larvae were unwilling to penetrate the seeds* ?rom 
the thlrty-*etght weevil eggs which had been laid on the ground 
nut pods, not a single larva went Inside. They all preferred 
to die in close proximity to the great supply of food which 
the seed offered. Even so, the growth of a pea weevil in 
seeds of ground nut is not impossible, ae we were convinced by 
an experiment of which I shall speak later. 

After the pea weevils had clearly manifested their 
unwillingness to attack the groimd nut, lentil, bean, and 
other leguminous plants we had chosen for this experiment, we 
arranged an artificial Infestation of the plants, ^e did this 
by putting onto the plants being tested weevil eggs which had 
been laid on pea plants. Tables 17 and 18 show results of 
this experiment. 

Blind Instinct was too strong for the insect Itself, for 
the weevil, as the figures show, developed well, even in the 
seeds of Qicer arletlnum. 
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IdABlllTl TO ІШГйВТАТІОК А1Ш ШІОШЕБЗ 01 РАНСЖйНТ LAYER OF ЮШ IN 
VARIETIES MOST HEAVILY INFESTED BY PISA MEVILB. 



Naas of Variety 


Botanical 



Thickness 

of 

parchment 
layer in 
microns 


Per cent of 

penetration 

of larvae 

into cavity 

of 

pod 


Per cMit of 
beetles developed 
From total: from no. of 
пгішЬег of : larvae which 
eggs laid : nenetrated 


Liability to 
inf es ta tion 
by per cent 


i Poischeaile catsrplll. 


glaucoaperm 


93 


88.4 


75.8 


85.7 


43.40 


2 Sutton’s Defender 


gumile 


99 


86.7 


64.8 


69.2 


41.67 


3 Alaska 


glaucosperm 


106 


76.8 


61.1 


79.5 


38.32 


4 A. 579 


▼i telinum 


99 


80.0 


68.2 


85.2 


34.18 


5 Tuiua hybrid 


vulgare 


115 


77.7 


54.1 


71.2 


29.54 


6 Asparagus varicolored 


punctatum 


88 


81.1 


59.0 


72.7 


26.28 


7 P. gris de prin temps 


unlcola 


lOS 


81.9 


75.2 


91.9 


22.50 


8 No. 201^ 


maculatus 


78 


80.2 


63.5 


79.2 


21.65 


9 Delicacy 


punctatimi 


no 


85.0 


64.0 


75.3 


20.00 


10 No. 195* 


maculatus 


77 


62.7 


4S.1 


68.8 


10.80 


H Green Victoria 


glaucosp^na 


81 


84.3 


68.5 


Ѳ1.3 


9.99 


12 Mushung 


maculatus 


68 


71.9 


58.8 


82.0 


8.70 



♦Names marked with, an asterisk are taken from the catalogue of the Station’s collections of peas. 
They were brought from Afghanistan by Prof . Vavilov’s expeditioni No. 201 from Khezar; No. 196 from 
Hsa^t, and Mushung from Sebsevar. 
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TA3LE 17 



Date 

Некше of Plants of 

planting 

1 Srrum leas L IZ/Ti 

2 Vicia faba L. ...... ZZ/U 

3 Vida sativa !«•••«*» ** 

4 Cicer агіеііпш 12/17 

5 Xatyrus satiYus ••••• ” 



Date 

of 

blossoming 


Isolation 

of 

beetles 


Date 
of egg 
laying 


No*of 

eggs 

laid 


3/n 


14^ 


— 


— 


14Al 


и 


— 


— 


16/VI 


« 


— 




S/VI 


n 


- — 




4/Vl 


о 


18/71 


38 



(p. Ill) 



Number dOTalopad 



Of Of 

Larvae : Beetles 
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ШШтШЕШ OF РІА WmriL IB ВШВ 0? BIFFSREBT ЬШШІШШ 
PURTS, AlifinCIALLT 



Наше of Plant 


Ко. of 
pods 


Ho. of 
eggs 
put on 


Ho. of 
aeede 


Х.азг7ад Fouod 

'lit Ш Ш. ІШ 5ІГ~ 
stage stage stage stage s'tege 


Beetles 

found 

dereleped 


1 Brrom lens L. » • * 


EO 


20 


29 


— 2 


s 


— 


7 


2 Cicer arie tlnuB • • • 


10 


10 


14 






— 


7 


3 Vida f8lЪa !»• • • • 


5 


20 


22 


— e 


2 


— 


2 


4 Vida sativa L* • * 


5 


20 


23 


— 2 


4 




тшчт 


S Latyrue sattvas • # 


10 


20 


19 


— 


■— — 




1 


6 la%rus odorata • • 


5 


20 


22 


— •• 


— 


— 


«er«e 



ТАВШ Х9 






Bsm.Es отшт то сож то ше surface 



Depth at 
vdiich seeds 
were placed 



Ro. of Bate 

seeds of 

plan ted planting 



August 

24 E6 ^ 31 2 



Total Emerged 

Sept€^er Absolute Per 

5 7 9 12 14 16 18 20 22 24 29 nuaber : cent 



Хлйгтаі stage 
at surface 


of ground 


240 


5/ТПХ 


4 c/m 


n 


n 


8 c/m 




« 


Pupa stage 
at surface 


of ground 


240 


19/7ІП 


4 c/m 


n 


n 


8 c/m 


n 


n 


Imago stage 
at surface 


of ground 


240 


Z/IX 


4 e/m 


n 


n 


8 c/m 


n 


n 



1 3 5 10 3 1 

1 3 . 

4 5 11 17 4 6 5 

1 

166 8 10 U 5 2 

98 13 24 19 5 

19 6 5 5 4 5 



23 9.6 

2 O.e 

0.0 



6 43 £0.0 

1 0.4 

0.0 

3 4 5 2 216 90.0 

1 11 5 2 178 74.8 

2 6 2 3 1 58 24.2 



'ЕШй 20 



ШаОА^ЮП OF PSAS 111 DISINFSCTION CHAMBSB 



Ho. 


Capacity 

of 

ehombere 
la си0>1е 
motera 


Рошйа of 
poas put 
In 

ehambar 


of 

earbon dl- Period of 
aulphlde uaad fimlgGitloa 
In in boura 


Tonpera- 

tura 

C. 


Besulta of SzpariBimt 
Bootloo Bootloo 

іаПлй left 

in poroont allre 


1 


0.63 


500 


0.25 kil. 


24 


15® 


100 


«wew 


2 


ft 


» 


0.15 


24 


15 


100 


— 


3 


w 


•» 


0.2 


8 


23 


100 


— 


4 


n 


« 


4» 


24 


21 


100 


... 


5 


n 


« 


0.1 


16 


22 


04 


6 
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ТЫ» wptiftolal infaetfttlon ga-m ue fully тіаЪІе toaatlaa 
Bruohua giaa L* from ваайв of Clear arlatiaua » lentil, baana, 
and^^found nut. Probably aome aooidantal faator raduoad the 
number of baatlaa from the ground nut* Zn natural oondltlona 
hare Шіа plant la rarely attaekad by Bruohua ruflmanua ѢсШ, 

fha baatlaa ^t dayalopad in lentil aeeda vara clearly 
undeTelopad, only 3*2 mlllimatara long, and on October 12 ve 
still found аеетіі larvae here, which shows the retarded a^ta 
at tmiioh they grew* 

Heaulta of this ar^arlment Indleata that the pea weevil* a 
aelaotiwo power with regard to its host plant, the pea, ia 
only a imittar of firmly engrained instinct, not always to Its 
advantage* 

COMPAKATOT штш OF ms PSA WSMIL IK 
ВІІРКШШТ РАЙТЗ OF IHS PSA TOHLD* 

The question of a decrease in number of weewlla from 
the periphery of the field toward the center waa of interest 
to us In connection аіШ the general belief that many agrl«» 
cultural peats show this tendeney* On the supposition that 
this la true of the pea woevll, we took appropriate field 
observations In 1927. Since this matter la of practlcaX 
algnlf lanes only on large areas, we made thia comparative 
estimate of pea weevil Infestation on sugar fields around us* 

On the sugar plantatieae the peas are planted over areas of 
several tens of desiatlns, which greatly facilitated the 
taking of these observations* 

In order to fix the per obnt of pea infestation saving 
from the periphery toward the center, we took sanple sheaves 
in the field every five meters, he^^nnlng at the periphery 
on all four sides and gradually converging toward the oenter 
of the field* Peas threshed from these shaavee were subjected 
to analysis In the laboratory for their weevil infestation* 

The fields of the Osin, кхмгіап, Shamraev combines were 
studied in thie way* The diagram here reproduced is based on 
the results we obtained and shows clearly that there is e 
steady decrease in pea infestation fn»a the periphery of a 
field toward its eon ter* This is especially true of plaeee 
abounding in weevils Where the pea infestation fell to almost 
a quarter. On fields only lightly Infested with the pea 
weev^, as , for example, cm those of the Ghaaraev с<»й>Іпе, wa 
did not find Шіш oorralatlon* Tha average weevil Infestation 




г 



Diagrara 1, Curve of Density of Beetles 
in Different Parts of the Field 
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of Шѳ field» of thle eombine 1» only two pep оѳді. Figure» 
for the field» of the 0жів aad Saeriaa combine# were quite 
different. There the role tire weewil infeatatlon of the pea» 
in different part# of the field 1» of real practical eignifloance. 
fhi# indicate» that with eren one ehillful operation ііш 
infeeted grain can be graded, la any oaae it І» perfectly 
feaaible to eeparate the grain fr<Ma the outaide strip of the 
field, Which І» mo»t heawily infeeted, fr<Ka the Icaet infeeted 
grain in Ше central part of the field. 

Xa each IndiTidual caee the desired grade tloae nu»t be 
fired before the harreet by the тегу вішріе aethada I he?e 
Juat meatioaed. Oa ашаіі area» of a few deeiatiae, howeTer, 
thle method is not applicable. 

THS ROLS OF m FAJU MT PM S IH ТЙЕ 
РВЗЗШГАТЮН OF ИШ WEEWIL IN 
іатшш. 

After the peae hawe been harweeted in the fields there 
remain a certain number which Ьате been dropped. The weewlls 
enclosed la these fallen seeds ere doomed to lire their whole 
litres ia the open, «cposed to all the hazards of the cold 
season. 

For stv^y Of the bshawier of the weevile left la the 
field la the fall we arranged a шааіі ezperiment which will 
be briefly deseribed. 

la order to test the relations between the different 
stages of the pest llTlng in the seed and the conditions шйег 
which the fallen peas lay on the field, we put 800 infested 
peas whleh contained all atages fro® larva to imago on an 
isolated tract under different condition»* 

part of ihem were left on the eurfaoe of the grouad| 
part were put at depths of four and sight centimeters. The 
object of putting them oa the ground was to estimate the 
effect of timely cultlvatioa of the ground after the harveet. 
Heeults of thia experiment ean be seen at a glance in the 
table below, which shows how the pest behaved under various 
conditions. 
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Of those which гюаіхіѳд ш the siirface of the gspoimd 
imtii cold weather, 90 per ceat emerged. From the seeds 
which ooatained beetlee whea they were put in the ground at 
four eea time tors, 74.3 per cent of the insects craided outj 
at eight eeatlffieters, S4,3 per cent of the beetles. 

The next younger stage of the weeTil, the pupa, gave 
coxrespoading figuree of 80 per cent emergenoe at the surface, 
0*4 per oent at 4 centieetere, and zero at 8 eentiaeters* 

The larral stage of the wreertl gare these results* At the 
surface of the ground, 9.6 per oent; at a depth of four 
oeatiiaetere, 0.4 per cent, and at 8 centiraeters, zero. Of 
those from the seeds which already had beetles inside then 
at the mcwssent when the experiment was begun there was the 
greatest rate of eeergenoe. For the sooner the weevlle 
be caught by this working over of the soil, the fewer of 
then will euTYiTS and the more finely the soil can be plowd, 
thus pr<»M>ting one of the measures to bo taken for control of 
the weeril. While the destruction of the stubble wesTils 
directly after the har|pi>et can be acconplished by the usual 
husking (?), this is not enough to exterminate it later when 
it has С 0 Ш to the beetle stage, fbr the beetle crawle to the 
surface from a depth of eight centimetere. 

KADICAL МШЮіВ ЖіЕ СШТШІ OF THS 
PEA mwxL 

Our pea weeril ie not a typical еагеЬогше pest. la 
most oases it only ccn^letes its dewelo|»M»nt In the ware- 
house after being broughtia from the fields inside the seeds. 
The storehouse serres only as a temporary shelter where the 
weeril nay spend its long period of winter, quite usually 
in the fom of aa adult beetle, inside the seed. Therefore, 
by killing it while it is in tl^s helpless state, wa do nuoh 
to reaere the danger that it will crawl out in the spring and 
infeet the pea crop again. 

There are a number of methods for control of the ріж 
weeril. t^вfortшlateiy, no one of th<oi has been widely 
applied, in spite of the fact that some of the meaeuree if 
they could be elmultaneously and unirereally applied on Ше 
fain would go a long way toward cutting down the пшЬеге of 
this pest. 

AS matters stand now, the measures directed toward weeril 
control may be dlrided into three classes; 1, poisoning Ше 
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ѵѳвтіі enclosed In the pea seeds; 2, шеоЬааІоаІІу separating 
the weevil- infee ted seeds f5Pom the sound; and, 3, biological 
m^surea in the broad sense of the word* 

One radical weapon against the weevil still enclosed 
In the pea seed oonelsts of treating the seeds with fumes 
of carbon disulphide. Thanhs to its relative sii^plioity, 
this method of hilling the weevil is most feasible for 
fumigating large quantities of seeds* When the disinfecting 
is ooirrectly done, thle method is not expensive* It requires 
fro» 0.1 to 0.25 hllograas of carbon disulphide for each 500 
kilograms of gsain. Of course, this amount of carbon 
disulphide la used only when ail Ше fmaigating is done in 
containers especially mads for the purpose, the so-called 
*»he*«s tic-chambers" intended for this hind of fumigation* In 
case the «hole granary is to be fumigated, the quantity of 
carbon disulphide to be used is figured on the basie of ^ 
eubio contents of the госте, for each cubic meter of space 
there must bo no loss than 0*3 kilograms of carbon disulphide, 
which means tbrss pounds to a cubic sazhene* (S^azhsne equals 
seven feet). 

This method, ae is well known, doee not impair the 
quality of the seede, their viatoiUty or the flavor of feods 
made from them, provided, of course, the grain has come into 
contact with the fumes only* The carbon disulphide should 
never be poured on Ше grain, beouase it leaves a bad smell 
behind* The carbon disulphide does its most deadly work on 
the pest Inside the seed in the course of the first six or 
ei^t hours* Hevertheloss , the grain ought to be exposed to 
the poleonous fumes from 24 to 48 hours* This time may be 
shortened to twelve hours, depending on the dosage need and the 
temperature of the air, but the dose of carbon dieulphide 
must imdor no clecumstanoss be reduced* Best results are 
obtained by fumigating with carbon dlsiaphide when the 
temperature of the air is above 18® C * 

Carbon disulphide continues to be of great economic 
Importance to us, as it is the ntost available insecticide 
for use in granaries * 

Carbon disulphide has Xost its world івфогиі^ 
of certain negative qualitiee* Nevertheless, it is now the 
most available Insecticide for ue and therefore we will now 
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stop to ooaaider It la eonaection vrith the disinfection of 
ths pea for Druchus pisi L* In handling thia inaectlcide 
it ІЗ of the uhnost importiinco to understand its properties, 
which I think should be recapitulated here. Carbon disulphide 
is a heavy, strongly refractive liquid, almost colorless in 
clear water, wildi a specific weight at 15 degrees C, of 1,8, 
and with a very characteristic, unpleasant, radish-like odor. 

At ordiiiar^:^ temperatures it evaporates quickly* The great 
defect of carbon disulphide is the high inflamiaabili ty of 
its fumes in the presence of any fir© whatever* Carbon 
disulphide gas may produce a terrific explosion from a chanoe 
©park. Therefore, whatever is to done with It must be done 
in the total absence of fire. Carbon disulphide comes from 
the factory in iron casks* Before it is to be used, it is 
siphoned out into containers holding the desired quantity* 

It must be kept in a cool place in well stoppered vessels, 
and, furthermore, a little water must be poured on top to 
avoid loss by evaporation during the stirring. The water 
covers the surface of the carbon disulphide with an Impermeabla 
layer and prevents it from evaporating. This Mist be kept 
in mind when the disinfecting is to be done and the water 
poured off. The fact that the fumes of carbon disulphide 
are very poisonous and are heavier than air so that they 
settle makes this a very good fumigant for grain* It can 
permeate a very thick layer of grain, b’e found that in six 
or eight hours the carbon disulphide fumes in the chaiaber 
had permeated a layer of peas over a meter thick. Its 
action on the adult stage of the insect is very rapid, but 
it sometimes takes up to two days to force all the air from 
a thick layer of grain. For every thousand kilograms of peaa 
to be treated in a tightly closed chamber, half a kilogram 
of earbon disulphide must be used, poured into a shallow 
earthen dish, and set acove the grain. The treatment may be 
given to the peas in any large casks to be found on the farm, 
in iron vats like the one in the illiistration, In tightly 
built boxes, etc. The tight covering, which is so important 
for the auccesa of the disinfection, la done with canvas 
folded in several layers and well sprinkled with water. 

such a covering gives little opportunity for the earbon 
disulphide fumes to escape, for water is a very poor oonduoter 
for this gas. 

Of course, the dleinfeetlon of the grain can be best 
done in well built boxes with oloeely fitted covers. The 
covers may be put on with speolal serews. A box 8 meters 
long, one meter wide, and one Ыфі can be used to 

dlsi^eet one thousand kilograms of grain at once. Half 
a kilograffi of earbon disulphid# wlXl bo needed and the 
proeess should be eontlnxied for 84 hours. 
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In plac« of carbon disulphide , the peas xaay be dis- 
infected by the use of another very poisonous gas, hydrocyanic 
acid. This latter has been widely used in Ашегіоа for dis- 
infection of farm products* for this, the product to be 
disinfected is put into a hermetically sealed container* 
the cyanic gas is formed by breaking down potassium cyanide 
еІШ »^phuric acid. After the grain has been put in the 
chamber I one usually proceeds to prepare the acid, which is 
about ti^ce diluted with water. The acid must be poured into 
the water, not the water into the acid or there will be 
▼lolent reaction and splashing* The sulphuric acid must be 
quite pure. гШеп this has been done, the dish of acid is 
placed in the chamber, a piece of potassium cyanide rolled 
in a filter paper is quickly dropped in, and the door 
Instantly closed* To disinfect a ton of grain, the required 
quantity it 0*8 kilograms of pure sulphuric acid, specific 
weight l«d or 66 degrees by 3aume*s areometer and 20 grams 
of pure potassium cyanide* The high toxicity and регтааітепеее 
of cyanic acid hastens the process of disinfection* Deed 
may be disinfected in two or three hours* 

Among the defects of cyanic gas must be noted the feet 
that it is hygroscopic and Is absorbed by the walls of the 
roomi hence, all the work most be done not in rooms but in 
tightly closed dry eUambere. 

Cyanic acid is тегу poisonous and if it is present in 
the air, eren in the ratio of 1. to 5,000, it paralyses mm 
in five minutes* Therefore, all work with it must be 
carried out with the utmost caution* Among the warious 
роіеопотш eubstanees ^ich haws recently been studied in 
connection with the control of warehouse pests is ohloro- 
picrin* This preparation, according to some authors, is 
more poisonous than carbon disulphide and equal to cyanic 
acid* Chioropleirln, С(Ша}СІ2, is a light yellow liquid 
with a boilliig point of 112 degrees and a speeific weight 
of 1*€9B* It is non^lnflaisamible , insoluble in water, end 
non-explosire, and етарогаіев easily in ordinary tncperatures* 
Besides this, chloropiorin has astonishing power to penetrate 
the walls of the insect*e trachea and kill it тегу quickly* 
According to Moore and (Irrahem, Шо hare studied the use of 
chloropiorin in fumigating warehouses, It prowed to be 263 
times as poisonous as carbon disulphide* This does not make 
it dangerous to roan, provided It is carefully handled, 
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bdoause it is extrsmaly irritatiag tp tho nucous msmbranee 
of the eyes, nose end respiratory passages, oven in minute 
quantities* It does not involve so much di^nger of poisoning 
as carbon disulphide and cyanic acid, "^Thich could bo breathed 
in unnoticed poisonous quantitios. In apite of this, a fee 
grains of this subst?ince to a cubic meter of space is enough 
to cause death. The fatal dose fox* insects is one-eighth 
of a pound per cubic sashen© of space* In caseo т/ііѳге rooms 
are to oe disinfected, the dose must be doubled; that is, 
on© quarter of a pound per cubic sazhane* 

In order to make sure that the chloropicrin, which is 
slow to evaporate, will evaporate completely, it must be 
poured into shallow vessels to a depiih of no more than a 
centimeter. Tho time required for disinfection is from 24 
to 48 hours. Its fumes are heavier than those of carbon 
disulphide and hence it will pemeate a creator thickness 
of grain, тяйіісіі is an advantage in combating grain pests t 
and among its other advantages luust be noted the fact that 
it does not do any harm at all to legumes. Leguminous seeds 
whloh hav© been fumigated by chloropicrin do not lose any 
of their power to germinate and shoot* чОеѵѳгаІ authors have 
found the opposite to be true. The disinfection has had a 
stimulating effect on the genrilnation and further develo^sent 
of the plants. The chloropicrin has a fatal action only on 
the green plants* Unfortunately, the very high cost of 
chloropicrin as compared with carbon disulphide makes It 
іщ) 0 бвіЫѳ to use it on a large-scale at px’esent. In view 
of the fact that the slightest particle of chloropicrin 
causes the flow of tears and has a very irritating effect 
on the mucous membranes, all work with it must necessarily 
be done with the protection of on ordinary gas mask* A, mO Big 
recent advances which have beon made in America Yirith regard 
to the disinfection of seeds against warehouse peets, mention 
should be made of the mixture of carbon tetrachloride with 
acetic ether* This is said to be an excellent method, but it 
Is still a very expensive way to treat grain. Pui'e carbon 
tetrachloride is a colorless liquid of aromatic odor. While 
it is absolutely non-inflammable, it is at -ЬШ^>$ате time half 
as poisonous agains as carbon disulphide, aadasai a result it 
is widely used over there* 

Pushkarev has proposed a metiiod for iaechauically 
separating the clean peas not infested by the beetle from 
those which have been infested. This raethod is based on the 
dividing effect of certain solutions, especially nitre and 
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kitchen salt. With a certain concentration of this 
dividing solution, the seeds infested by the beetle will float 
because of the large cavity in them. •Their specific weight 
is less than the sound grain, which sinks to the bott<M. 

To illustrate this aethod of weevil control, I aa including 
?ushl№rev*8 empirical table for preparing a dividing 
solution for three types of peas those with large seeds, 
those wltai seeds of medium siae, and those with small seeds. 

In general, the ooj^entration of solution In each 
separate case Is fixed ^ the practical aethod of gradually 
adding salt to the solution until the infested peas put 
into the solution win float. 

Table 21 follows: 






Variety of pea 


Haas of Salt 


Speeified vt. 
of solution 


Concentre ti<m 
of solution 
in per cent 


^t* of salt 
required in lbs* 
for 1 vedro* of 
water 


Aat* of salt 
in kilograas 
far 12*2 litres 
of «star 


Yletorla 


0ЫІІ sal^eter 


1*296 


40 


29 


8*60 


Iblger 


m n 


1*238 


33*3 


15 


6*136 


ВуІсЗіІік 


Kitch^i salt 


1*192 


25,0 


10 


4*09 



’Чвдго equals 2*7 galloas 
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A bettor dlTldlBg eolution oalXe for eomo ezcesa of 
salt, 0«8S kllograma to a radro of water litres}* 

This addition raises the oonoentration by approximately в 
per eent* 

One serious defeet in this method of sorting the peas 
is a eertain amount of delay, chiefly in eonneotion еіШ 
further drying of peas treated in this way* This causes 
ins^erabXe difficulties in large lots of grain, such ms are 
handled on the great farms of our soThhozes* 

On peasant farms the Fushkarer method of weeril control 
must still be regarded as one of the best* 

The use of high teiig»«№ tores against weevils in the pea 
seeds is a very old aetb>d. A teisperature of 45 to 56 
degrees Heasnir ean be depended on to kill all stages of this 
pest in two hours and it does not injure the grain* BcMBides 
this dry heat laethod, the heat may be applied by plunging 
the infested grain into boiling water for a period up to 
one minute, but while the seeds can withstand dry heat for a 
period of several hours without detrlrasnt, the boiling water 
may destroy their viability if they are kept there a very 
little more than one minute* 

To try out the possibilities of frightening away the 
weevils, we made experiments in the field with a mo^er of 
bad smelling substances* We used **rascalin^, oarbollneum, 
naphthali, paradlchlorobenzol and creolin* We mixed these 
substances with sand and threw %Ъш on selected plots in the 
pea field at the time of fruiting, lAiich was also the time 
of infestation* Ws supposed that the strong odor which 
pervaded these plots must drive away whatever weevils were 
there, but when we eame to inspect the pea seeds we did not 
find any dlffersnoe between the numbers infested here and on 
orops which had not received the treatm«at. Even on the 
plote with oarbollneum and creolin, which do not evaporate 
so rapidly and conse^iently give off an odor muoh longer 
than the other substanees, we could not see any substantial 
difference in the number of seeds Infested* This destroyed 
in large rasasure our faith in the possibility of denaturing 
pea eirops by planting aromatic plante in among the peas* 
(Table ZZ follows)* 



TABI.S 22 



Наш of Subetaao« 


Area of вж- 
parioent plot 


No* of timee 
exparliaant 
ШВ repaatad 


Ho* of 

soada 

analyzed 


Infestation 
of peas 
in per cent 


’♦Ruecalia’» 


100 K,M. 


3 


9000 


5*96 


Kapbtbali 


n 


4 


12000 


8.M 


СагЪоІіавш 


n 


4 


n 


5*31 


Paradi ohlorobeozoX 


n 


4 


fl 


4*93 


Craolln 


« 


3 


9000 


4*16 


Control 






ti 


6*96 
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Disinfection of peas Infested by the pea woeTll Is of 
special is^ertanee in those cases where it is desired not 
only to kill the pests in the seeds but also етеп more to 
reduce the numbers for the coming year. When it is done 
iiffi»diately after the peas are harTested, and in this case 
they must bo rapidly threshed and put in the storehoiise, 
such disinfection increases the commercial value of the 
crop* At the time when the peas are being harvested in the 
field the weevil is inside the seed ia tho shape of a yn nng 
larva, so that if his destructive work Is interrupted, it is 
івфОввіЫе to tell from the outside how far the infestation 
has gone, but when the seeds are opened, they are found to 
have a small cavity of the saiae size as ^e larva Шіоіі once 
lived there and which, after its death, dried up and became a 
small brown lump* Our observations of the result of prompt 
trea'tesent of the pea seeds, for the purpose of arresting 
further destruction of the seed by the weevil larva, left us 
fully persuaded of the effectiveness of this method. However, 
it requires early harvesting of the peas, proxiq?t threshing, 
and disinfection of the seeds immediately after threshing. 

How necessary promptness is to this method is made plain In 
the following tables, idiich show the development of the weevil 
inside the pea by varieties. This may serve as a guide to 
the best time for carrying out the disinfection. 



(Insert Tables 23, £4 and 25). 



ттл 23 



LOSS Ш Шітт OF ЖШИ^ШШЗШ) SSBDS іи DIFF3RSRT TAHISTIES OF PSii 



Absolute of 1000 sttato Lose In weight by Infeetatloa 

Hese of Variety tlhilnfested see^ : Inf ee ted: In absolute : In 

s : ; wel^t : Percent 



Kyasa •••••• 


363.8 


328.7 


35.1 


9.6 


Victoria Mandorf 


332.3 


295.2 


37.1 


U.2 


" Heine 


328.3 


ZB7A 


40.9 


12.5 


** Geming 


m.6 


193.9 


40.7 


17.4 


Foiger УШЗ 


189.4 


147.8 


41.6 


22.0 


Saxon «••••• 


187,7 


140.0 


47.7 


25.4 


FoXger Heine * • • 


177.7 


141.1 


36.6 


20.0 


BisBsarek • • • • • 


150.4 


104.9 


45.5 


30.3 



ттл и 



шшшштт Of внишоБ Ріаі ш ша sm>s 

ACCOR0ING ТО ОШЕНѴАТІОІІВ МАШ ІК 1926. 



Іо «іа 


Data of 
obsorTatloa 


: let I 
sage t 


2ad i 
age : 


3rd 

ag* 


: 4th 
: age 


: 5tht 
: age: 


la 

Percent 


Perc 


1 


З/ѴІІ 


37 


63 












2 


S/VII 


80 


20 












3 


8/VII 




70 


30 










4 


10/TII 


28 


32 


40 










5 


«All 


12 


47 


41 










б 


13/VlI 


6 


38 


47 


9 








7 


ізАіі 


5 


37 


46 


13 








а 


X7AII 




19 


39 


39 


3 






9 


leAii 


2 


6 


42 


46 


5 






10 


aiAii 






33 


55 


12 






11 


33/711 




6 


38 


52 


5 






12 


34/ra 




6 


3L 


52 


11 






13 


88/m 






29 


29 


29 


13 




14 


30/ra 






8 


46 


38 


8 




16 


8/VIII 








9 


64 


27 




16 


4/VIII 








12 


34 


54 




17 


7/7Ш 








Ѳ 


28 


61 


5 


18 


10/ѴШ 








8 


21 


67 


4 


19 


38Am 










2 


74 


24 


20 


3/lX 












fTJ 


66 


21 


16/И 












13 


87 


22 


84/n 












7 


93 


23 


27/rX 














100 



Imago 
la 



TABLS 25 

та СМТ OF STAGES OF MMIL IH DIFFEHMT TARISTISS OF PSA 



Date of Tictoria Heine 

obeei^atlon Darva Pupa Iiaago 



Folger Heine 
Хіагта Pupa Imago 



Moscow Statioi 



Larva Pt^a 



87/VII 


xoo.o 


















29/VII 


07.1 


2.9 
















30/ИІ 


95.3 


4.7 
















lAiii 


77.4 


22.6 
















s/nn 


76,7 


23.3 




100.0 












5/mx 


60.0 


40.0 




97.1 


2*9 










8/ѴШ 


51.4 


68.6 




92.1 


7.9 










lO/nn 


52,4 


67.6 




76.3 


23.7 




100.0 






18ДШ 


24.2 


72.4 


3.4 


51.3 


48.7 




96.2 


5.8 




uAiii 


14.3 


77.1 


8.6 


35.3 


e«.7 




91.2 


8.8 




le/mi 


15.8 


60.5 


23.7 


24.4 


75.6 




85.2 


14*8 




18/VIII 


9.2 


45.4 


45.4 


21.9 


75.0 


3.1 


78.8 


21.2 




20/rai 


2.6 


42.2 


55.2 


19.6 


70.6 


9.8 


54.3 


46.7 




28/7III 




38.4 


61.6 


10.0 


72.5 


17.5 


50.0 


50.0 




24/VIII 




34.2 


65.8 


5.6 


69.4 


25.0 


42.9 


57.1 




2в/ѴІІІ 




27, S 


72.5 


2.6 


51.2 


46.0 


21.9 


75.0 


3 


28ДШ 




9.7 


90.3 


2.5 


37.2 


60.0 


14.7 


64.7 


20 


SO/VIU 




7.9 


92.1 




29.7 


70.3 


3.2 


5Ѳ.1 




1/lX 




9.5 


90.5 




26.5 


73.5 


2.4 


40.5 


67 


3/lX 




6.7 


95.3 




11.8 


88.2 




34.5 


65 


8/lX 




e.4 


93.6 




8.8 


91.2 




27.2 


72, 


7/K 




6.1 


93.9 




5.7 


94.3 




21.6 


78 


9/U 






100.0 




5.3 


94.7 




19.0 


81 


12/lX 










2.7 


97.3 




9.5 


90 


U/U. 










2.4 


97.6 




8.3 


91 


16/lX 












100.0 




4.2 


95 
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УаЬІе 25 sbowe that the шетіі lanrae, idiich hare gone 
through t±re mol tings in the course of their deTelopaent, 
usually begin to reach the adult stage about the 15Ш of 
August In some varieties; about the end of August in others, 
and eometlmea, depending on the variety, the beetles шу 
develop early in August. 

Tho following table shows the specific weight of the 
pea which has been infested but has been disinfected in time 
as compared with the pea which already contains a full-grown 
beetle • 

(Insert Table 26). 



TABU 26 



ABSOLUTS WBIGIIT OF 1000 SSSDS OF ѴЛГі'^ѴІЬ IllFESTID 
PI5AS WITH ШЬ WITHOUT TET, TRSAT^SET. 



So. ; 
and : 
Order: 


Шт of variety 


lAbsoluta weight of 1000 seeds: 
i'|?reated la :Hot treated ; 
siarval stage ;at all ; 


Loss 

in 

Grams 


in 

: 


In per 
cant 


1 


• 


Alas'Aa 


» 

• 


176.0 


! 167.0 : 


9.0 


i 


5.1 


2 


• 

• 


Folger helne 


t 


171.0 


5 1S7.0 j 


U.4 


V 

• 


8.3 


3 


: 


Victoria mandorf 


319.0 


: 309.8 : 


8.2 


♦ 

a 


3.5 


4 


s 


Byasa 


• 

Ф 


351.2 


j 331.6 : 


19.6 


: 


5.3 


5 


a 

« 


Saxon 


i 


160.8 


: 167.4 I 


2.2 


: 


1.3 



la 
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Thttft It ie eXear that thl» metiiod le a dealrabla osa 
trtm ШДГ other etandpolnta* Besides presernag Ше queXl^ 
of the grain, it is a measare of great iaportanoe from a 
pureXy sanitary point of Tlew. Tbm siiiiaXtansous exertions 
of many pea grosers might seXX bring about a signifioant 
diminution in the ntimbers of this pest in any giyen XooaXity* 

If it is open to objeotions, they can be only on the teohnieaX 
side of the probXem of maldU^ sueh a disinfection as requires 
for its aec<MBpXisbmsnt a period of тегу Intensire loi^ Just at 
harrest time, espseiaXXy at the time of threshing the grain* 
HefsrthsXesa , it ought to be generaXXy recognised that by one 
nethod or another erery pea grocer ou^t to take some steps 
to destroy the сеетіХ vhiXe it is stlXX in the carshoues and 
Inside the pea* At the present time seed materiaXe are aXrsady 
being videXy treated to prerent carious fungous diseassa* 
Treatment of peas most aXso be accepted ae <me of the obXlgatory 
defense measurei in clew of the fact that our idioXe auppXy of 
weerlXs is being cuX tics ted on equsX terms with the peas by the 
farmers ШетвеХсев on their own farms* This i^XanchoXy fact is 
of gensraX concern, for the pea weeriX, Bruohus plei I,*, Хітее 
onXy in the seeds of the pea* We hace no definite information 
on the possibiXlty of finding it on wild Xegomee In this country* 
Therefore, sXmost aXX our present supply of Шів pest most be 
kept all winter in the granaries; then, finding themselTss in 
a trap easy to escape frcsa, they orawX out in the spring 
unhindered by us to accomplish ones more their des true tics work* 

While carious methods of treating grain to precent 
fungous dissasss are making headway among us and are regarded 
as obligatory by many farmers, a еоафагаЪХе protection of the 
pea seeds against the pests inside them is prodded almost 
nowhere* Yet this is, in my opinion, one of our chief 
reeponsiblXities as regards this crop, and no other dsfsnsice 
methods hacs yet been adequately worked out* 

An experiment in simultaneous attack on this weecil has 
also been undertaken in the United States of Arasrica in 
California around san Mateo* In the three years from 193ів 
to X9S0 a systematic destruction of the weecil while ^e 
harcest was being gs^sred reduced the infestation of pea seeds 
Ттш 43 per cent to 17*8 per cent. 



We may veil imitate thia Aisericaa feat* The eork must 
he carried on ayatematioally with greateat care until we 
aucoeed in mastering the weeTil and keeping it within such 
bounds as we fix. Meanwhile, peralstent work on the study 
of the natural defenslTe properties of the pea which may be 
used against the weewil Hsay well supplement these efforts 
which ar» not yet in a position to afford adequate control 
of the pest* 

Since 1926, that is, for two years, the Вѳіауа-Сегкот 
Selection Station has been treating with carbon disulphide 
its entire stock of seeds. Thus, our plantings, beginning 
in 1926, have been made entirely with sound see^. Already 
we seem to be able to trace the effect of this step on the 
pea infestation at the station in the past two years. Let 
us take, for purposes of comparison, the pea infestation for 
1925, when the fimlgation had not been begun. In that year 
the average per cent of grains infested was 21.5. in 1926 
we began the treatments, and immediately the figure for pea 
infestation fell to 14.4 per cent, and for 1927 we have an 
average figure for pea infestation of about 7 per cent. 

^insert Table 27). 



ТАЛУБ 8? 



fssm BEm^TION of PIAHTSD at TSE BSUYA СВШ)Ѵ ssisctioh static®? 



X985 



Hot ТТ9Ш%Шй 



No. Наш of Tarlety 


U 


Ш 




by in- 
festation 




ТТЯіиГѵШ 


SOI 


1.60 






2 BoatOT 


26.33 


1.33 


0.32 ) 




3 Tietoyia TUOS 


25.70 


1.88 


0.67 1 


I 


4 Tiotorla Heine 


£4.53 


1.44 


1.20 Г 




5 folgor Heine 


23.23 


1.36 


1.84 І 




d Wondey of Ameifiea 


19.26 


1.33 


3.82Л 




7 AlMlW 


18.94 


1.36 


0.12 ( 




8 Tlotorla Dlozeg 


17.24 


1.37 


1.Ш. f 


XI 


9 Saxon 


15.08 


1.І5 


2.32 A 




1926 Tyoatment by aarbon dleulsHlde Intyoduoed 


Oronye 


Шееіаііод In per eent МІ - Ш 


by in- 










festation 


No. Наше of variety 


U 


m 


"A e »**g 





1 Yiotoria Mandorf 


32.30 


1.48 


\ 


X 


2 Tiotoyia Heine 


28.70 


1.43 


1.75/ 




3 Alaaica 


iB.ao 


1.15 


8.80 


II 


4 Nyaea 


10.90 


0.98 


3. 




5 Віешуоіс 


9.27 


0.75 


1.38 f 




6 Yietoria Oeming 


8.70 


0.89 


1. ^ 


Ш 


7 Iblger Heine 


8.30 


0.87 


1.98 1 




8 №lgW VOOS 


7.87 


0.75 


2.45 j 




9 Saxon 


5.60 


0.73 


4.33, У 


lY 


1927 


Treated with Carbon dienlpbide 






Xnfeatatlon in 


per oent 


in - Ш 


Oronpa 


Ho* Haae of variety 


u 


Ш 


z 

ЖІ e П2 


by in- 
fee tetion 


1 Yiotoria liandoyf 


І6.92 


1.20 






2 Yietoria Heine 


15.75 


l.is 


0.70 i 


I 


3 Blanarolc 


12*22 


1.04 


2.97 j 





4 Alaelca tODS 

5 SorXy Orooa 

^ e BoetoT sogaar 

7 Canadian (7) 

8 Garoan Saxon 

9 Hyaaa 
10 Tic toy la 

XI folgor Holao 
18 Vlotoria Ooiming 



UB,07 

10,87 

8.90 

6.92 

8.88 

e»49 

4.17 

4.05 

3.75 



1*03 

0.98 

0.90 

0.90 

0.90 

0.78 

0.53 

0.52 

0.90 




II 

«8мяі 



Ш 



Under suon conditions as we Пате at Belaya^Cerkor , wbere 
there are many traders in grain, there is no question of more 
or lass complete extermination of the weevil. The weevils 
that we gather in every year in our pea hai’vest probably 
come from this market grain, having flown from there to our 
fields. The farms hear the station contribute comparatively 
few. 

^•armes, which are more or leas remote from any stores 
of Infested peas and which give a thorou^ treatment to all 
their stock of seed, might achieve laore conspicuous results 
In the fall. 

Difficulties arising In eonneetion with the necessity 
for fumigating the pea seeds might be circumvented by keeping 
the whole stock of seeds from the last hargeat in closely 
woven bags. Then the seeds from the preceding harvest are 
used for planting. The weevils will not be able to come out 
of the closely woven sacks in the spring and will be doomed 
to death. If some of the beetles remain alive, there will be 
only a few, and they will be so much weakened that there will 
be no question of long survival; but in view of the weevil's 
ability to fly idependently from the granary to the fields 
planted with peas, this procedure for isolating the infested 
grain must be carried out with the utiBoat care* 

Blther by this method or by some other device for 
protecting the young seeds from Ш& weevil, persistent effort 
must be directed toward the end of destroying it in the pea 
seeds. This effort must be shared as widely as possible 
among the farmers concerned, and it should bo kept well in 
mind that all the diligence of one group in endeavoring to 
exterminate the weevil may easily be paralyzed by the neglect 
and inactivity of others ійіо aro indifferent. Уог this reason 
the control of the weevil in the pea seeds by one means or 
another should be regarded as morally obligatory upon all who 
are raising any of this crop. 
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ILLIBTRATIONS. 

Fig. 1 Pea Weevil, Byuoteus piei L. Origiaal drawing 
by s. A. Smirnov. 

Figs. В and 3 — Larva of first phase and full-growa 
larva of pea weevil. (Original drawing oy аШіЬог). 

Fig. 4 Sgge laid by pea weevil on pea pods* 

Fig. 5 •• Weevil Sgge on pea pode (Original drawing 
by author). 

Fig. 6 — Varying size of seeds of peas injured by 
Bruohua pisi L. 

Fig. on page 117 •• Dislnfeotlon of peas at Belaya- 
CerhoT selection stationi capacity of vat, BOO pounds. 



